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An Outbreak of Gastroenteritis Caused by Norovirus-Contaminated 
Groundwater at a Waterpark in Korea
In January 2008, an outbreak of acute gastroenteritis at a waterpark was reported to the 
Bundang-gu Public Health Center in Seongnam, Korea. To determine the etiological agent 
and mode of transmission, a retrospective cohort study was done using structured 
questionnaires and stool samples from patients who had current gastrointestinal symptoms 
and three food handlers were tested. A total of 67 (31.0%) students and teachers 
developed acute gastroenteritis. No food items were associated with an increased risk of 
the illness. Norovirus was detected in 3 stool specimens collected from 6 patients who had 
severe diarrhea using semi-nested RT-PCR. All the specimens contained the genogroup I 
strains of the norovirus. Norovirus was also detected in the groundwater samples from the 
waterpark. In the nucleotide sequencing analysis, all the genogroup I noroviruses from the 
patients and groundwater samples were identified as the norovirus genotype I–4 strain. 
They were indistinguishable by DNA sequencing with a 97% homology. We conclude the 
outbreak of acute gastroenteritis caused by the norovirus was closely related to the 
contaminated groundwater. 
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INTRODUCTION
Noroviruses, which are single-stranded, non-enveloped RNA 
viruses, are grouped within the Caliciviridae family, and are cur-
rently divided into five genogroups. Of the five genogroups, group 
I, II and V usually infect humans (1). Patients who are infected 
by noroviruses usually show gastrointestinal manifestations in-
cluding diarrhea, vomiting, abdominal pain, and low grade fe-
ver, and almost all of the infected cases resolve spontaneously 
(2). After the reverse transcription-PCR method for detecting 
noroviruses was established in the 1990s, noroviruses have been 
found to be one of the most common causes of food and water-
borne gastroenteritis outbreaks in the world (3). However, there 
are few reports of norovirus-related epidemics with actual con-
firmed sources of the infection, especially ones using molecular 
methods to confirm the source (4, 5).
  The decrease in waterborne outbreaks in Korea has been at-
tributed to the improvement of treated water from munincipal 
water-treatment plant. However, with the exception of urban 
areas, groundwater may be the only drinking water available in 
many rural communities. Groundwater can be contaminated 
by a significant source of potential infection through improper-
ly constructed and maintained water wells. Outbreaks of acute 
gastroenteritis caused by contaminated groundwater have been 
reported (4, 6). Therefore, groundwater contaminated by vari-
ous pathogens is a potential source of waterborne outbreaks. 
  On January 14, 2008, 180 elementary and middle school stu-
dents who had been admitted to an English Institute and 36 
teachers visited a waterpark in Gyeonggi-do in the Republic of 
Korea. On January 16, 2008, several students from the group 
showed acute gastrointestinal symptoms including abdominal 
pain, diarrhea and vomiting, and visited a medical clinic in Bun-
dang-gu, Gyeonggi-do, Korea. On January 17, 2008, the doctor 
of the clinic informed the Bundang-gu Public Health Center of 
a possible gastroenteritis outbreak. On January 18, 2008, a for-
mal epidemiological study was initiated by an investigative team 
that consisted of staff from the Bundang-gu Public Health Cen-
ter, Epidemic Intelligence Service officers from the provincial 
government of Gyeonggi-do and the Gyeonggi-do Institute of 
Health and Environment.
MATERIALS AND METHODS
Epidemiologic investigation
A retrospective cohort study was conducted among 180 students 
and 36 teachers from the English Institute on January 18 and 
19, 2008. They were informed of the risk of acute gastroenteritis 
and were interviewed using a brief, standardized questionnaire. Koh S-J, et al.  •  Norovirus Gastroenteritis Outbreak at a Waterpark
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Data collected included age, sex, clinical information and perti-
nent details of food consumption at the waterpark. A case was 
defined as illness for any student or teacher who visited the wa-
terpark and showed gastrointestinal manifestation such as ab-
dominal pain, vomiting and diarrhea (two or more loose stool 
within a 24-hr period) on or after January 14, 2008. Three food 
handlers who worked at a restaurant in the waterpark were also 
interviewed about any current gastrointestinal manifestations, 
cooking procedures, and water sources. We also investigated the 
environment at a restaurant in the waterpark including cleavers, 
cutting boards, and dishcloths. Information about the manage-
ment of the water supply and sewerage system was sought from 
the management of the waterpark. All the facilities in the water-
park were inspected carefully. 
Microbiological investigation of fecal samples 
Fecal samples were collected on January 18, 2008 from six pa-
tients who had current gastrointestinal symptoms without anti-
biotic treatment. We additionally collected fecal samples from 
three food handlers. Fecal specimens were referred to Gyeong-
gi-do Institute of Health and Environment. Stool samples were 
tested for the presence of pathogenic bacteria including Salmo-
nella, Shigella, Campylobacter and Vibrio vulnificus. Viral patho-
gens including adenovirus, rotavirus, astrovirus and norovirus 
were also tested with ELISA and semi-nested RT-PCR. Food left-
overs were not available for microbiological investigation at the 
time of the initial investigation. 
Water sample processing
On January 18, 2008, routine testing of the groundwater was done. 
The tests indicated positive results for general bacteria, total co-
liforms, and Escherichia coli. Following the notification of the 
results, water sampling and concentration procedures were ad-
ditionally conducted. A total of 670 liters of groundwater sam-
ples were collected at the point of the reservoir. The collection 
of viruses from the water samples was performed according to 
the Information Collection Rule (ICR) method (USEPA1996) (7). 
Samples in the amount of 670 liters of groundwater were con-
centrated by filtration through a 1-MDS positively charged, 10-
inch cartridge filter (CUNO Inc, Meriden, CT, USA). Briefly, the 
adsorbed viruses on the filter were eluted with 0.05 M glycine 
buffer, pH9.5, containing 1.5% beef extract. The elutions were 
Table 1. Semi-nested RT-PCR oligonucleotides used for Norovirus detection
Genogroup Oligonucleotide Sequences (5´ → 3´) Polarity Location PCR product size
GI GI-F1M
GI-R1M
GI-F2
CTG CCC GAA TTY GTA AAT GATGAT
CCA ACC CAR CCA TTR TAC ATY TG
ATG ATGATG GCG TCT AAG GAC GC
+
-
+
5342
5671
5357
313 bp
GII GII-F1M
GII-R1M
GII-F3
GGGAGGGCGATCGCAATCT
CCRCCTGCATRICCRTTRTACAT
TTGTGAATGAAGATGGCGTCGART
+
-
+
5058
5401
5088
310 bp
Nucleotide locations based on the Norwalk (GI) (accession no. M87661) and Lordsdale (GII) (accession no. X86557) sequences. +, forward primer: -, reverse primer. 
immediately adjusted to pH 3.4-3.6 with 1M HCl and stirred for 
30 min followed by centrifugation at 2,500 × g for 15 min. The 
resulting pellets were resuspended in 30 mL of 0.15 M sodium 
phosphate (pH 9.5) and incubated for 10 min, followed by cen-
trifugation at 9,000 × g for 10 min. The supernatants were col-
lected and then adjusted to pH 7.0 with 1 M NaOH. Finally, the 
concentrates were passed through a 0.2-μm-pore-size filter (Pall 
Gelman Laboratory, Ann Arbor, MI, USA). Viral RNA was ex-
tracted from 140 µL of the concentrated water samples using 
QIAamp microspin columns (viral RNA mini kit: QIAGEN, Va-
lencia, CA, USA) according to the manufacturer’s instruction 
and stored at -80°C until analysis. 
Viral RNA extraction in stool samples 
Each one-gram clinical stool sample was added into 9 mL phos-
phate buffered saline (PBS) and mixed for 3 min. The samples 
were centrifuged at 3,000 rpm for 30 min at 4°C to remove de-
bris, and then the clarified supernatant was collected. Accord-
ing to the manufacturer’s instructions, viral RNA was extracted 
from 140 µL of the samples by using QIAamp microspin col-
umns (viral RNA mini kit: QIAGEN) and stored at -80°C until 
analysis. 
Norovirus detection by Semi-nested RT-PCR
For stool samples and environmental water samples, semi-nest-
ed one step RT-PCR was performed as previously described (4, 
8). Two primer sets (Table 1) for norovirus genogroup I and II 
which targeted the ORF1-ORF2 junction region of norovirus 
genome and amplified a 329 bp PCR product for norovirus GI 
and a 343 bp product for norovirus GII in the first one step RT-
PCR respectively. First, the condition for one-step RT-PCR was 
consisted of RT for 40 min at 47°C followed by Taq activation at 
95°C for 15 min; 35 PCR cycles of 94°C for 30 sec, 54°C for 30 sec, 
and 72°C for 45 sec; and then a final soak at 72°C for 7 min. 
  Second, nested PCR was started at 94°C for 3 min, followed 
by 25 cycles at 94°C for 30 sec, 56°C for 30 sec, and 72°C for 45 
sec, and then at 72°C for 7 min. The final PCR products were 
313 bp for GI and 310 bp for GII, which were further character-
ized by sequencing. 
Sequencing and phylogenetic analysis 
The PCR products from stool and groundwater samples were Koh S-J, et al.  •  Norovirus Gastroenteritis Outbreak at a Waterpark
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further characterized by sequencing and phylogenetic analysis. 
Sequence alignment analysis of the viruses present in the water 
and stool samples was carried out with the known proto-type 
Norovirus sequences (9) using MegAlign, version 5.03 (DNA-
Star, Madison, WI, USA). 
Nucleotide sequence accession number
The sequence of the norovirus GI-4 strain reported in this arti-
cle has been deposited in GenBank under the accession num-
ber AF145896.
Ethics statement 
This study was approved by the institutional review board of 
Hanyang University Hospital (August 5, 2010). Informed con-
sent was exempted. All of the data of patients were processed 
anonymously. 
Statistical analysis 
Statistical analyses were performed using the chi-square test or 
Fisher’s exact test for categorical variables. Statistical significance 
was determined using a P value < 0.05. All analyses were carried 
out using the software package SPSS for Windows ver. 12.0 (SPSS 
Inc., Chicago, IL, USA).
RESULTS
Epidemiological investigation
The waterpark is located in the suburbs of Gyeonggi-do, Korea. 
The waterpark provides both indoor and outdoor spas and swim-
ming pools and subsidiary facilities including a restaurant. Dis-
infected groundwater is the only source of drinking water and 
boiled water is not usually supplied to visitors. 
  A total of 60 students and 7 teachers among 216 visitors from 
the Institute were identified as having gastrointestinal manifes-
tations. Of the 67 patients, 35 (52.2%) were male and 32 (47.8%) 
were female. The median age of the patients was 12 yr (range, 
11 to 30 yr). They had gastrointestinal manifestations such as 
abdominal pain (70.2%), vomiting (62.7%), and diarrhea (56.7%). 
No patients were hospitalized due to severe illnesses, and almost 
all patients spontaneously recovered from the illness with fluid 
or symptomatic management (Table 2). The median incubation 
time from exposure was 36 hours. (range 4 to 96 hr) However, 
no food items were associated with a statistically significant in-
creased risk of the illness. After norovirus had been detected in 
groundwater samples, exposure to drinking water was investi-
gated by telephone calls. However, water consumption was not 
associated with increased odds of becoming ill (data not shown). 
 
Microbiological investigation
We collected 9 stool samples from 6 patients and 3 food handlers 
on January 18, 2008. None of the stool specimens from the pa-
tients or food handlers were positive for bacterial culture. Noro-
viruses were detected from 3 of the 6 stool samples taken from 
patients using norovirus RT-PCR, but no other viruses were de-
tected in the fecal samples from the patients and the three food 
handlers. All specimens contained the norovirus genogroup I 
(GI) strain. However, all environmental samples from the res-
taurant were negative for bacterial and virological tests. 
  Prior to this outbreak, water analysis and periodical inspec-
tions of the groundwater and water supply system had not shown 
any abnormal results. However, routine testing of the ground-
water collected on January 18 showed positive results for gen-
eral bacteria, total coliforms and E. coli. Groundwater samples 
were collected to detect noroviruses at the point of the reservoir. 
Norovirus GI strain was detected in the groundwater samples. 
Norovirus genotyping
The amplified PCR products from stool and groundwater sam-
ples were sequenced, and a phylogenetic analysis was performed.  Table 2. Demographic and clinical characteristics of outbreak caused by norovirus at 
a waterpark
Characteristics 
Patients reporting gastrointestinal 
manifestation (n = 67)
Students    60 (89.6%)
Teachers      7 (10.4%) 
Female sex    32 (47.8%)
Age, median years (range)    12 (11-30)
Gastrointestinal symptoms*
   Abdominal pain 
   Vomiting
   Diarrhea
†
   Headache
   Nausea 
   Febrile sense
   Chills
   47 (70.2%)
  42 (62.7%)
   38 (56.7%)
   36 (54.0%)
   35 (52.0%)
   28 (42.0%)
   27 (40.0%)
Seeking medical clinic      9 (13.4%)
Hospitaliztion  0 (0%)
*The symptoms based on interviews; 
†Defined as two or more loose stools within a 
24 hr.
Fig. 1. Phylogenetic analysis of norovirus genogroup-I at a waterpark in Gyeonggi-do. 
Analysis was conducted using MegAlign, version 5.03 (DNAStar, Madison, Wis). The 
noroviruses detected in the fecal specimens from the patients of this outbreak were 
typed as GI-4 (most similar to GI-4 Chiba the GenBank accession number AF145896), 
as was the norovirus isolated from the groundwater.
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The noroviruses detected in the fecal specimens from the out-
break cases were typed as GI-4, as was the norovirus isolated 
from the groundwater samples (Fig. 1). They were indistinguish-
able by DNA sequencing with a 97% homology. 
DISCUSSION 
This study reports an outbreak involving 67 patients who had 
acute gastrointestinal manifestations at a waterpark in Gyeong-
gi-do, Korea. Norovirus GI-4 strain was identified in both fecal 
specimens from patients and groundwater samples using se-
quence analysis. These finding provided clear evidence of the 
causative agent and route of transmission. In addition to this, 
epidemiological findings provided even more evidence. The me-
dian incubation time of this outbreak was 36 hr, which is similar 
to previously reported outbreaks caused by noroviruses (10, 11). 
Vomiting and abdominal pain were the predominant features, 
which corresponds with the characteristics of illnesses caused 
by noroviruses among school-age children and adolescents (12). 
Based on these results, we concluded that the norovirus-con-
taminated groundwater was the source of the outbreak.
  It is interesting that norovirus GI strain was the causative agent. 
GII norovirus is more commonly detected in Korea. Of the 114 
positive samples of norovirus among children from 2005 to 2006 
in Korea, noroviruses belonged to the GI and GII genogroups, 
and these showed 10.5% and 89.5% respectively (13). Likewise, 
the GII norovirus has become the pandemic strain in the Unit-
ed States (14). However, in a previous large waterborne outbreak 
caused by noroviruses in Korea, GI-4 was detected in four fecal 
samples although GI-4 was not identified in groundwater sam-
ples at that time (4). In addition, some cases infected with GI 
norovirus have been reported during winter in Korea (13). Fur-
thermore, GI-4 was identified from raspberries and patients in 
a recent gastroenteritis outbreak (15). These results suggest that 
GI-4 norovirus can cause large outbreaks of gastroenteritis. 
  Groundwater is a common source of infection in waterborne 
outbreak. Groundwater can be easily contaminated by poten-
tial pathogens through poorly constructed or maintained water 
wells (16). Contamination of groundwater may cause outbreaks 
of gastroenteritis (4). Periodic monitoring with indicator bacte-
ria such as total coliforms and E. coli has been performed to 
identify groundwater contamination. However, epidemiologic 
surveillance data on viral pathogens in groundwater are scarce 
in Korea. Recently, wastewater surveillance by molecular meth-
ods has been suggested as a useful tool for rapid monitoring and 
characterization of various groups of viral pathogens (17). There-
fore, molecular techniques for groundwater surveillance could 
provide additional benefits for the quality control of groundwa-
ter and outbreak prevention. 
  In conclusion, we described an outbreak of gastroenteritis 
caused by GI-4 norovirus among the visitors of the waterpark, 
which was closely associated with the contaminated ground-
water. 
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In the present study, we described an outbreak of acute gastroenteritis among students and teachers who had visited a waterpark 
in Gyeonggi-do in January 2008. An epidemiological study was conducted to determine the etiological agent and mode of 
transmission. A total 67 (31.0%) students and teachers developed acute gastroenteritis. No food items were associated with an 
increased risk of the illness. Norovirus was detected in 3 stool samples. Norovirus was also found in the groundwater samples of 
the waterpark. All the noroviruses from patients and groundwater samples were identified as the norovirus genotype I-4 strain. 
They were indistinguishable by nucleotide sequence analysis with a 97% homology. In conclusion, this outbreak caused by 
norovirus was closely associated with the contaminated groundwater.  